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ADDITIONAL MAXIMUM POWER
REDUCTION FOR UPLINK TRANSMISSION
FOR WIRELESS NETWORKS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. Non-Provisional
patent application Ser. No. 17/886,941, titled “Additional
Maximum Power Reduction for Uplink Transmission for
Wireless Networks” and filed Aug. 12, 2022, which is a
continuation of U.S. Non-Provisional patent application Ser.
No. 16/982,386, titled “Additional Maximum Power Reduc-
tion for Uplink Transmission for Wireless Networks” and
filed on Sep. 18, 2020, which was originally filed as Inter-
national Application Ser. No. PCT/FI12019/050254 on Mar.
28, 2019, which claims priority to, and the benefit of, U.S.
Provisional Application Ser. No. 62/653,423, filed on Apr. 5,
2018, the entire disclosures of each of which are hereby
incorporated herein by reference in their entireties for all
purposes.

TECHNICAL FIELD

This description relates to communications.

BACKGROUND

A communication system may be a facility that enables
communication between two or more nodes or devices, such
as fixed or mobile communication devices. Signals can be
carried on wired or wireless carriers.

An example of a cellular communication system is an
architecture that is being standardized by the 3rd Generation
Partnership Project (3GPP). A recent development in this
field is often referred to as the Long Term Evolution (LTE)
of the Universal Mobile Telecommunications System
(UMTS) radio-access technology. E-UTRA (evolved UMTS
Terrestrial Radio Access) is the air interface of 3GPP’s Long
Term Evolution (LTE) upgrade path for mobile networks. In
LTE, base stations or access points (APs), which are referred
to as enhanced Node B (eNBs), provide wireless access
within a coverage area or cell. In LTE, mobile devices, or
mobile stations are referred to as user equipment (UE). LTE
has included a number of improvements or developments.

5G New Radio (NR) development is part of a continued
mobile broadband evolution process to meet the require-
ments of 5G, similar to earlier evolution of 3G & 4G
wireless networks. A goal of 5G is to provide significant
improvement in wireless performance, which may include
new levels of data rate, latency, reliability, and security. 5G
NR may also scale to efficiently connect the massive Internet
of Things (IoT) and may offer new types of mission-critical
services.

Some wireless networks provide for power control in the
uplink (UL) transmission directions, in which a base station
may control the transmission power of a user device or UE.

SUMMARY

According to an example implementation, a method of
power control is provided that may use one or more equa-
tions and/or inequalities to determine whether an additional
maximum power reduction will be used for a user device
transmission power for a plurality of channel bandwidths
and/or a plurality of resource block bandwidths, the method
comprising: receiving, by a user device, a resource block
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2

allocation for uplink transmission that includes one or more
resource blocks within a frequency channel; determining at
least one resource allocation region for which an uplink
resource block allocation within the resource allocation
region will require an additional maximum power reduction;
and applying, by the user device, the additional maximum
power reduction for a transmission power of the user device
based on the resource block allocation being within the at
least one resource allocation region.

According to an example embodiment, a method of power
control is provided that may use one or more equations
and/or inequalities to determine whether an additional maxi-
mum power reduction will be used for a user device trans-
mission power for a plurality of channel bandwidths and/or
a plurality of resource block bandwidths, the method com-
prising: transmitting, by a base station to a user device, a
resource block allocation for uplink transmission that
includes one or more resource blocks within a frequency
channel; providing, by the base station to the user device, at
least one resource allocation region for which an uplink
resource allocation within the resource allocation region will
require an additional maximum power reduction; and deter-
mining, by the base station, an additional maximum power
reduction for a transmission power of the user device based
on the resource block allocation being within the at least one
resource allocation region.

According to an example embodiment, a method of power
control may be provided. The method may include deter-
mining a first resource allocation region for which an uplink
resource allocation within the first resource allocation region
will require a maximum power reduction for uplink trans-
mission; determining at least a second resource allocation
region for which an uplink resource allocation within the
second resource allocation region will require an additional
maximum power reduction due to a protected frequency
band; determining, for a frequency channel, a threshold
frequency offset from an edge of the protected frequency
band to an edge of the frequency channel, for which addi-
tional maximum power reduction will not be required, or a
smaller additional maximum power reduction will be
required, based on the protected frequency band; determin-
ing whether the frequency channel has a frequency offset
from the edge of the protected frequency band that is less
than the threshold frequency offset; receiving, by the user
device, a resource block allocation for uplink transmission
that includes one or more resource blocks within the fre-
quency channel; determining, by the user device, whether
the resource block allocation is within the at least the second
resource allocation region; and, applying the additional
maximum power reduction for a transmission power of the
user device in response to one or more of (or both of): 1) the
resource block allocation is within the at least the second
resource allocation region, and 2) the frequency channel has
a frequency offset from the edge of the protected frequency
band that is less than the threshold frequency offset of the at
least the second resource allocation region.

The details of one or more examples of implementations
are set forth in the accompanying drawings and the descrip-
tion below. Other features will be apparent from the descrip-
tion and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a wireless network according
to an example implementation.
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FIG. 2 is a diagram illustrating frequency channels having
different frequency offsets with respect to an edge of a
protected frequency band according to an example embodi-
ment.

FIG. 3 is a diagram illustrating resource allocation regions
in which additional maximum power reduction is applied
according to an example embodiment.

FIG. 4 is a diagram illustrating additional maximum
power reduction (A-MPR) values applied for different sizes
and/or locations of a resource block allocation according to
an example embodiment.

FIG. 5 is a diagram illustrating a frequency offset that may
be required to avoid additional maximum power reduction
(A-MPR) according to an example embodiment.

FIG. 6 is a flow chart illustrating operation of a user
device/UE according to an example embodiment. Another
diagram illustrating corresponding MPR inner zone and
outer zone, which may also correspond to FIG. 4, according
to another example implementation.

FIG. 7 is a flow chart illustrating operation of a base
station according to an example embodiment.

FIG. 8 is a flow chart illustrating operation of a user
device/UE according to another example embodiment.

FIG. 9 is a block diagram of a node or wireless station
(e.g., base station/access point or mobile station/user device)
according to an example implementation.

DETAILED DESCRIPTION

FIG. 1 is a block diagram of a wireless network 130
according to an example implementation. In the wireless
network 130 of FIG. 1, user devices 131, 132, 133 and 135,
which may also be referred to as mobile stations (MSs) or
user equipment (UEs), may be connected (and in commu-
nication) with a base station (BS) 134, which may also be
referred to as an access point (AP), an enhanced Node B
(eNB), a gNB, or a network node. At least part of the
functionalities of an access point (AP), base station (BS), or
(e)Node B (eNB) may be also be carried out by any node,
server or host which may be operably coupled to a trans-
ceiver, such as a remote radio head. BS (or AP) 134 provides
wireless coverage within a cell 136, including to user
devices 131, 132, 133 and 135. Although only four user
devices are shown as being connected or attached to BS 134,
any number of user devices may be provided. BS 134 is also
connected to a core network 150 via a SI interface 151. This
is merely one simple example of a wireless network, and
others may be used.

A user device (user terminal, user equipment (UE) or
mobile station) may refer to a portable computing device
that includes wireless mobile communication devices oper-
ating with or without a subscriber identification module
(SIM), including, but not limited to, the following types of
devices: a mobile station (MS), a mobile phone, a cell
phone, a smartphone, a personal digital assistant (PDA), a
handset, a device using a wireless modem (alarm or mea-
surement device, etc.), a laptop and/or touch screen com-
puter, a tablet, a phablet, a game console, a notebook, and a
multimedia device, as examples. It should be appreciated
that a user device may also be a nearly exclusive uplink only
device, of which an example is a camera or video camera
loading images or video clips to a network.

In LTE (as an example), core network 150 may be referred
to as Evolved Packet Core (EPC), which may include a
mobility management entity (MME) which may handle or
assist with mobility/handover of user devices between BSs,
one or more gateways that may forward data and control
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signals between the BSs and packet data networks or the
Internet, and other control functions or blocks.

In addition, by way of illustrative example, the various
example implementations or techniques described herein
may be applied to various types of user devices or data
service types or may apply to user devices that may have
multiple applications running thereon that may be of differ-
ent data service types. New Radio (5G) development may
support a number of different applications or a number of
different data service types, such as for example: machine
type communications (MTC), enhanced machine type com-
munication (eMTC), Internet of Things (IoT), and/or nar-
rowband IoT user devices, enhanced mobile broadband
(eMBB), wireless relaying including self-backhauling, D2D
(device-to-device) communications, and ultra-reliable and
low-latency communications (URLLC). Scenarios may
cover both traditional licensed band operation as well as
unlicensed band operation.

IoT may refer to an ever-growing group of objects that
may have Internet or network connectivity, so that these
objects may send information to and receive information
from other network devices. For example, many sensor type
applications or devices may monitor a physical condition or
a status and may send a report to a server or other network
device, e.g., when an event occurs. Machine Type Commu-
nications (MTC, or Machine to Machine communications)
may, for example, be characterized by fully automatic data
generation, exchange, processing, and actuation among
intelligent machines, with or without intervention of
humans. Enhanced mobile broadband (eMBB) may support
much higher data rates than currently available in LTE.

Ultra-reliable and low-latency communications (URLLC)
is a new data service type, or new usage scenario, which may
be supported for New Radio (5G) systems. This enables
emerging new applications and services, such as industrial
automations, autonomous driving, vehicular safety, e-health
services, and so on. 3GPP targets in providing connectivity
with reliability corresponding to block error rate (BLER) of
10-5 and up to 1 ms U-Plane (user/data plane) latency, by
way of illustrative example. Thus, for example, URLLC user
devices/UEs may require a significantly lower block error
rate than other types of user devices/UEs as well as low
latency (with or without requirement for simultaneous high
reliability).

The various example implementations may be applied to
a wide variety of wireless technologies or wireless networks,
such as LTE, LTE-A, 5G, cmWave, and/or mmWave band
networks, IoT, MTC, eMTC, eMBB, URLLC, etc., or any
other wireless network or wireless technology. These
example networks, technologies or data service types are
provided only as illustrative examples.

Various example implementations relate to power control
and Maximum Power Reduction (MPR). According to an
example implementation, a power control scheme may be
performed between a UE (user device) and a base station
(BS). Power control may be used, for example to cause a UE
to adjust its uplink transmission power in order for the BS
to achieve a minimum signal quality (e.g., signal-to-inter-
ference plus noise ratio (SINR)) for received signals from
the UE. For example, an open loop or a closed loop power
control scheme may be used. A UE may have a maximum
transmission power, e.g., 23 dBm, or other power value. A
UE may determine its power headroom as a difference
between its maximum transmission power and its current
transmission power. In some cases, the UE may report its
current transmission power, power headroom, and/or maxi-
mum transmission power to the BS. In some cases, for
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example, a UE may use an initial transmission power, and
the BS may measure signal quality (e.g., SINR). In an
example implementation, a BS may include an uplink grant
(or uplink resource allocation) that may include a transmit
power control (TPC) command, which may be used to
request the UE to increase or decrease its transmission
power, e.g., to meet a desired SINR. Power control may also
be used to decrease radio interference with other wireless
devices and/or to reduce power consumption by the UE. For
example, when signal conditions are poor, e.g., due to
multi-path fading, a BS may repeatedly request (e.g., via
power control commands) the UE to increase its transmis-
sion power. Thus, for example, a UE may vary its transmis-
sion power within a range up to its maximum transmission
power, e.g., based on power control commands from a BS.
However, if a UE is already transmitting at its maximum
transmission level, this means its power headroom is zero,
and the UE is unable to further increase its transmission
power.

A maximum power reduction (MPR), or a MPR value,
may be a value or an amount that a UE reduces its maximum
transmission power. A UE may determine a MPR value, and
then may adjust (e.g., decrease) its maximum transmission
power by the MPR value, which also decreases its power
headroom (e.g., decrease power headroom by the MPR
value). The UE may, for example, report to a BS the UE’s
current transmission power, the UE’s (MPR-adjusted) maxi-
mum transmission power, and/or the UE’s power headroom.
Various example implementations may be provided in which
maximum power reduction (or a MPR value) may be
determined and used by a UE to control (e.g., adjust or
decrease) its maximum transmission power. In an example
implementation, a UE may control its transmission power,
e.g., which may include controlling or adjusting its maxi-
mum transmission powet, e.g., by determining a maximum
power reduction (MPR) value for the UE. Thus, a UE may
vary its transmission power, e.g., based on BS power control
commands, within a power range up to the (MPR-adjusted)
maximum transmission power.

Furthermore, a UE may receive a resource block alloca-
tion for uplink transmission that may include one or more
resource blocks within a frequency channel (e.g., within a
frequency channel assigned to the UE and/or BS). Also, one
or more resource allocation regions (e.g., an inter-modula-
tion or IMD3 region and/or regrowth region) may be indi-
cated or determined for which a resource block allocation
within the resource allocation region will (or may) require
an additional maximum power reduction for the UE in order
to reduce interference to a protected frequency band.

As noted, a maximum power reduction (MPR) may be
applied to a user device for uplink transmissions, e.g., in
which a maximum transmission power may be reduced for
a UFE/user device. In addition, an additional (or further)
maximum power reduction may be applied for UE/user
device transmission power based on one or more conditions,
such as: 1) the resource block allocation (resource blocks
allocated to the UE for uplink transmission) is within the
resource allocation region, or 2) the frequency channel has
a frequency offset from an edge of the protected frequency
band that is less than a threshold frequency offset of the
resource allocation region. For example, a frequency offset
of the frequency channel may be measured from an edge of
the protected frequency band to an edge of the frequency
channel of the UE. Thus, for example, in some cases, no
additional MPR (or less additional MPR) may be applied (or
may be necessary) to the UE in a case where the frequency
channel (assigned to the UE and BS for communication) is
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a sufficient distance (e.g., at least a threshold frequency
offset away) from the edge of the protected frequency band.

According to an example implementation, a method of
power control is provided that uses one or more equations
and/or inequalities to determine whether an additional maxi-
mum power reduction will be used for a user device trans-
mission power for a plurality of channel bandwidths and/or
a plurality of resource block bandwidths, the method com-
prising: receiving, by a user device, a resource block allo-
cation for uplink transmission that includes one or more
resource blocks within a frequency channel; determining at
least one resource allocation region for which an uplink
resource block allocation within the resource allocation
region will require an additional maximum power reduction
to reduce interference to a protected frequency band; and
applying, by the user device, the additional maximum power
reduction for a transmission power of the user device based
on the resource block allocation being within the at least one
resource allocation region.

In an example embodiment, the applying may include
applying, based on the following: 1) the resource block
allocation is within the at least one resource allocation
region, and 2) the frequency channel has a frequency offset
from an edge of the protected frequency band that is less
than a threshold frequency offset of the at least one resource
allocation region.

In an example embodiment, an amount of additional
maximum power reduction applied by the user device is a
function of the frequency offset of the frequency channel.

In an example embodiment, a larger additional maximum
power reduction (A-MPR) is applied by the user device for
a smaller frequency offset, and a smaller additional maxi-
mum power reduction is applied by the user device for a
larger frequency offset of the frequency channel.

In an example implementation, each resource allocation
region may have an associated threshold frequency offset.
Also, allocation region borders (e.g., defining a location
and/or resource blocks/resources) of an allocation region), a
threshold frequency offset, and an (amount of) additional
maximum power reduction are defined for each of a plurality
of resource allocation regions. Also, for example, each
threshold frequency offset may be based upon a bandwidth
of the frequency channel.

According to an example embodiment, the applying the
additional maximum power reduction may include control-
ling, by the user device, a transmission power of the user
device for uplink transmission via the resource block allo-
cation by reducing the maximum transmission power of the
user device by the additional maximum power reduction.
Alternatively, the applying the additional maximum power
reduction may include determining an adjusted maximum
transmission power based on the maximum power reduc-
tion, and controlling, by the user device, the transmission
power of the user device for uplink transmission within a
power range that is less than or equal to the maximum
transmission power.

According to an example embodiment, the resource allo-
cation region may include, for example, a resource alloca-
tion region (e.g., IMD3 region) in which transmission power
of the user device is limited by intermodulation distortion to
reduce interference to the protected frequency band; and/or
a resource allocation region (e.g., a spectral regrowth region)
in which transmission power of the user device is limited by
spectral regrowth to reduce interference to the protected
frequency band.

FIG. 2 is a diagram illustrating frequency channels having
different frequency offsets with respect to an edge of a
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protected frequency band according to an example embodi-
ment. A frequency band (e.g., band n41 or other band) may
be available for an operator to use for wireless/radio trans-
missions. A different frequency channel may be allocated to
each of a plurality of different BSs. A frequency channel
may have a selected bandwidth (e.g., 5 MHz, 10 MHZ, 15
MHz, 20 MHZ, 25 MHz, . . . 100 MHZ). Also, for example,
resource blocks may have a selected size or resource block
width (RBW) (e.g., in an OFDM system, a given number of
subcarriers with a given subcarrier spacing), such as 180
kHz, 360 kHz, or other resource block width (RBW). Thus,
for example, a 20 MHz channel may have 106 resource
blocks (RBs), with each resource block having a resource
block width (RBW) of 180 kHz, as an illustrative example.
In another example, a 100 MHz channel may use a 360 kHz
resource block width.

Each BS and/or cell may be assigned a frequency channel
to perform uplink and/or downlink transmissions with a set
of UEs. A frequency channel may be a set (e.g., a subset) of
frequency resources/resource blocks within band 210, that
may be assigned to a BS, for example. Each resource block
may include a group of one or more subcarriers or frequency
resources. For example, frequency channel 214A may be
assigned or allocated to BS1, frequency channel 214B may
be assigned to BS2, frequency channel 214C may be
assigned to BS3, etc. Each BS may then allocate the
resources (e.g., resource blocks) of its assigned channel to
various UEs for uplink transmission and/or use various
resources within its assigned channel for downlink trans-
mission, as needed.

Also, although not shown in FIG. 2, each UE within a cell
may be allocated a resource block allocation, e.g., which
may be a portion of the frequency channel for the BS (e.g.,
a subset or group of the resource blocks of the channel) for
uplink (UL) transmission, e.g., depending on the needs of
the UE and/or based on the amount of data that the UE may
have to transmit, or other criteria. For example, of the 106
RBs within a 20 MHz frequency channel, a UE may receive
a resource block allocation of 10 RBs for uplink transmis-
sion. This is merely an illustrative example, and other
channel bandwidths and/or different sizes of resource block
allocations and/or different resource block widths (RBSs)
may be used.

According to an example embodiment, a protected fre-
quency band 212 may be provided adjacent (in frequency,
with the X (or horizontal) axis of FIG. 2 being frequency) to
the band 210. Protected frequency band 212 may include a
band or range of frequencies that may be subject to an
additional spurious emissions mask, which may provide
additional limits on interference or spurious emissions to (or
into) the protected frequency band 212.

According to an example embodiment, each frequency
channel 214 A, 214B, 214C, etc., within band 210 may have
a frequency offset with respect to an edge (e.g., lower edge)
of protected frequency band 212. Thus, frequency offset of
a frequency channel may be the distance or frequency
between an edge or reference point (e.g., the lower edge,
corresponding to a lowest frequency) of protected frequency
band 212 and a reference point or reference edge of the
frequency channel (e.g., upper edge, lower edge, or center
frequency at a center or middle of the frequency channel).
These are merely some example reference points that may
be used to measure frequency offset of a frequency channel
with respect to the protected frequency band, and other
reference points or edges may be used. For example, channel
214A may have a frequency offset of 0 Hz because channel
214A is adjacent to the protected frequency band 212 (e.g.,
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if a frequency offset of channel 214A is indicated or mea-
sured as a frequency difference between an upper edge of
protected frequency band 212 and a lower edge of the
channel 214A). A frequency offset with respect to protected
frequency band 212 may be similarly measured or indicated
for each of the other frequency channels, such as for
frequency channels 214B, 214C, etc.

According to an example embodiment, a location of a
frequency channel with respect to (e.g., with respect to a
lower edge of) protected frequency band 212 may be used as
a basis to determine whether a transmission via a resource
block allocation(s) within the frequency channel may be
subject to an additional maximum power reduction (addi-
tional MPR), e.g., to reduce interference to the protected
frequency band 212 and/or to ensure that the additional
spurious emissions mask associated with (or applied to)
protected frequency band 212 is not violated.

According to an example embodiment, a (relative) loca-
tion of a frequency channel with respect to the protected
frequency band 212 may, for example, be represented or
indicated by a frequency offset of the frequency channel
with respect to the protected frequency band 212. According
to an example embodiment, a UE UL transmission via
resources within a frequency channel that is sufficiently far
away from the protected frequency band 212 will not
interfere with the protected frequency band 212 (e.g., will
not cause spurious emissions that may violate the spurious
emissions mask associated with the protected frequency
band 212). Also, for example, in some cases, even if a
resource block allocation is within a resource allocation
region (e.g., IMD3 region), additional MPR (A-MPR) may
not be applied (or may not be necessary), or a lower A-MPR
may be applied, if the frequency channel (where the resource
block allocation is provided) has a frequency offset that is
greater than or equal to the threshold frequency offset.

According to an example embodiment, a threshold fre-
quency offset 216 may be used to determine whether addi-
tional MPR should be used or applied to a UE that is
performing an UL transmission via resources within the
frequency channel. For example, additional MPR may be
applied for transmissions via resource block allocations that
are within frequency channels that have a frequency offset
that is less than the threshold frequency offset 216, such as
for frequency channels 214A and 214B. Thus, any trans-
missions by a UE within resources of frequency channels
214A and/or 214B will require additional MPR (or a larger
additional MPR) because such frequency channels 214A and
214B are relatively close or near the protected frequency
band 212 (and thus more likely to interfere with the pro-
tected frequency band 212). On the other hand, any UE
uplink transmission via resources of frequency channel
214C will not need additional MPR (or may only need a
smaller additional MPR) because such frequency channel
214C is further away from protected frequency band 212
(and thus, will not interfere with or less likely to interfere
with protected frequency band 212). In this manner, by way
of these illustrative examples, a location (e.g., a frequency
offset) of a frequency channel with respect to (e.g., with
respect to a lower edge of) protected frequency band 212
may be used as a basis to determine whether a transmission
via a resource block allocation(s) within the frequency
channel may be subject to an additional maximum power
reduction (additional MPR). Backoff' (or power backoff)
may also be used to refer to MPR or additional MPR.

According to an example embodiment, there may be one
or more resource allocation regions for which an uplink
resource block allocation within the resource allocation
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region will require an additional maximum power reduction
to reduce interference to the protected frequency band 212.
An example resource allocation region may include a
resource allocation region in which transmission power of a
UE is limited (or should be limited) by intermodulation
distortion to reduce interference to the protected frequency
band 212. This resource allocation region may be referred to
as an intermodulation distortion (IMD) region, or a third
order intermodulation distortion (IMD3) region. IMD (inter-
modulation distortion) results from mixing of two or more
signals of different frequencies, and a spurious or unwanted
signal output may occur at the sum and/or differences of
integer multiples of the input frequencies. For example, in
many cases IMD can be filtered out. However, if the input
frequencies are very close in frequency, then the third order
IMD will be very close to the fundamental frequencies and
cannot be easily filtered out. Thus, IMD3 region may refer
to the spurious emissions due to the IMD3, which may cause
the maximum transmission power to be reduced to avoid
interference with a protected frequency band.

Another example of a resource allocation region may
include a resource allocation region in spectral regrowth
may cause a spurious emission, and where a transmission
power of a UE is or should be limited due to this spectral
regrowth to reduce interference with the protected frequency
band 212. This type of resource allocation region may be
referred to as a regrowth region or spectral regrowth region.
For example, spectral regrowth may include signals from
intermodulation products generated in the presence or based
upon a digital transmitter added to an analog communication
system. Other resource allocation regions may be present or
may be used, e.g., such as a counter IMD3 region. For
example, when a resource block allocation is provided on
one side of a frequency channel, then a counter IMD3 region
(or counter IMD3 emission) may appear or occur at the
opposite end of the frequency channel. Other resource
allocation regions may also be used to cause a maximum
power reduction.

FIG. 3 is a diagram illustrating resource allocation regions
in which additional maximum power reduction is applied
according to an example embodiment. A size (number of
resource blocks of the resource block allocation) and loca-
tion (e.g., which may be indicated by a starting RB index)
of a resource block allocation within a frequency channel
may indicate whether the resource block allocation is within
one or more of the resource allocation regions in which
additional maximum power reduction is applied. In FIG. 3,
the horizontal or X axis is RB,,,,,, which is the RB (resource
block) index of the lowest allocated RB of the resource
block allocation within the frequency channel, where
RB,,,,~0 is the lowest RB in a frequency channel. In FIG.
3, the vertical or Y axis is LCRB, which is the length or
number of contiguously allocated resource blocks (RBs) of
the resource block allocation.

Two example resource allocation regions are shown,
including a IMD3 region 314, and a regrowth region 316,
where a resource block allocation within either of these
regions (314, 316) will cause additional MPR to be applied
(maximum transmission power of the UE to be reduced) to
an uplink transmission via such resource block allocation,
e.g., to avoid interference with the protected frequency band
212, for example.

According to an example embodiment, referring to FIG.
3, a maximum power reduction (e.g., of 1 dB) may be
applied to transmissions via resources that are provided
within triangle 310. For example, only MPR is performed
(no additional MPR) for transmissions via resource block
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allocations that are within gray region 312 (and outside of
regions 314, 316). On the other hand, additional (or further)
MPR is (or may be) applied or performed for uplink trans-
missions via resource block allocations that are within either
IMD3 region 314 and/or within regrowth region 316, e.g., to
avoid interference with protected frequency band 212
(which may include an additional spurious emission mask).

According to an example embodiment, resource alloca-
tion region borders, a threshold frequency offset, and an
additional MPR value (e.g., 1.5 dB, 2.5 dB or other MPR
value) may be defined for each resource allocation region
(e.g., for each of IMD3 region 314, and regrowth region
316). For example, the height (Y axis) of the IMD3 region
is the allocation bandwidth (BW) of the IMD3 region, and
is shown as AW, nsns. Likewise, £, .00, 1oz is the X
axis width (or number of resource blocks) of the IMD3
region 314. Thus, AW, /s and T, .. maps are the
resource allocation region borders for the IMD3 region.
Similarly, the values or parameters AW, .. ... deter-
mines the height or Y axis value (L.zz), or number of
contiguous resource blocks, of the regrowth region 316, and
the RB,,,,, or X axis location or RB start for the regrowth
region 316 is indicated by the sloped region edge, which is
defined by the equation: RB,,,,, =L ~z5/2+A,,,./RBW, where
RBW is resource block width (for which there may be
multiple alternative values for each channel bandwidth or
for different resource block sizes or different subcarrier
spacings), where Lz/2 indicates the slope of that sloped
region edge, A,,,, refers to right edge of the regrowth region
316, and RBW refers to the resource block width, which
may vary for different channel BWs and/or different RB
sizes or widths, etc. By way of illustrative example, if a
resource  block contains 12  subcarriers, hence
RBW=12-SCS, where SCS is subcarrier spacing, thus for 15
kHz SCS, RBW equals 180 KHz.

As noted, a different additional MPR may be applied for
a transmission via a resource block allocation that is within
IMD3 region 314 and/or within regrowth region 316. Thus,
for example, a MPR of 1 dB may be applied to any resource
block allocation within triangle 310. Additionally, an addi-
tional MPR (in addition to the MPR of 1 dB) may be applied
or used for a transmission via a resource block allocation
that is within one of the resource allocation regions 314, 316.
For example, an additional MPR of 1.5 dB may be applied
to any resource block allocation that is within IMD3 region
314 (resulting in a total MPR of 2.5 dB for resource block
allocations within IMD3 region 314), while an additional
MPR of 2.5 dB may be applied to any resource block
allocation that is within regrowth region 316 (resulting in a
total MPR of 3.5 dB for resource block allocations within
regrowth region 316). Or, if the resource block allocation
region is within the triangle 310 (FIG. 3) but is outside of
regions 314 and 316 (thus additional MPR is not applied),
then only the MPR value of 1.0 dB would be applied to
transmissions via such resource block allocation, according
to an example embodiment.

Thus, both the UE and a BS may determine an additional
maximum power reduction (or additional MPR value) for a
transmission power of the user device based on at least one
of the following: 1) the resource block allocation is within
the at least one resource allocation region (e.g., within either
IMD3 region 314 or regrowth region 316, or other resource
allocation region, see FIG. 3), and/or FIG. 2) the frequency
channel has a frequency offset from an edge of the protected
frequency band 212 that is less than a threshold frequency
offset of the at least one resource allocation region (see, e.g.,
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FIG. 2) (as noted, each resource allocation region may have
an associated threshold frequency offset).

When defining the requirements of any band, such as band
ndl or other frequency band, typically some additional
emission requirements may apply. The generic MPR may
cover (or be applied to) a large part of the band, but in some
cases, additional MPR may be required to keep out-of-band
or spurious emissions below band-specific limits, for
example. For example, for band n41, the emissions limits
may be tighter or stricter, and MPR may not be sufficient.
Thus, it may be necessary to apply additional MPR in some
cases or situations, as described herein, to meet the stricter
emissions limits, such as to meet requirements of an addi-
tional spurious emissions mask that may be used to protect
a (nearby) protected frequency band 212. A maximum
power transmission, for example, may be 23 dBm, and MPR
and additional MPR may be applied to reduce or decrease
the maximum power transmission in some cases or situa-
tions.

As an illustrative example, additional MPR may be
applied for frequency channels that have a relatively small
frequency offset (e.g., less than a threshold frequency off-
set), for small resource block allocations close to the channel
edge, and/or for relatively large resource block allocations.
These are merely some examples, and other examples may
be used or provided.

Rather than providing a table (or tables) that indicate
additional MPR for a variety of different situations, e.g., for
different channel BWs, different resource block widths
(RBW5s) (e.g., for different subcarrier spacings) or for other
various conditions or parameters (which may require sig-
nificant bandwidth to transmit to a UE and/or require
significant memory space to store such tables), a method of
power control may be provided herein that may use one or
more equations or inequalities to determine whether addi-
tional maximum power reduction is required or will be
provided for a user device transmission power, e.g., for a
plurality of frequency channel bandwidths and/or a plurality
of resource block bandwidths. Thus, a flexible A-MPR
(additional maximum power reduction) determination may
be performed or used by the UE and/or BS based on a set of
equations and/or inequalities (e.g., known by both the BS
and UE), for a variety of different conditions, e.g., such as
for different frequency channel bandwidths and/or for dif-
ferent resource block widths, for example, which may
conserve transmission resources and/or reduce the amount
of memory required to store such equations and/or inequali-
ties, as compared to using a group of tables that may identify
A-MPR for such a variety of different conditions or situa-
tions.

FIG. 4 is a diagram illustrating additional maximum
power reduction (A-MPR) values applied for different sizes
and/or locations of a resource block allocation according to
an example embodiment. In FIG. 4, a zero-frequency offset
for the frequency channel is assumed. The example shown
in FIG. 4 is for a 20 MHz frequency channel with a 15 kHz
subcarrier spacing (or 180 kHz resource block width). An
example regrowth region 410 and an example IMD3 region
is shown (including sub-regions 412A, 412B, 412C). Dit-
ferent A-MPR values are shown for: regrowth region 410
(A-MPR=4 dB); IMD3 sub-region 412A (A-MPR=<2 dB);
IMD3 sub-region 412B (A-MPR<3 dB); and IMD3 sub-
region 412C (A-MPR=4 dB).

FIG. 5 is a diagram illustrating a frequency offset that may
be required to avoid additional maximum power reduction
(A-MPR) according to an example embodiment. Resource
allocations within region 510 (which may be a regrowth
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region) may require frequency offset=5 MHz to avoid
A-MPR; resource allocations within sub-region 512A may
require a frequency offset=5 MHz); resource allocations
within sub-region 512B may require a frequency offset=10
MHZ); and, resource allocations within sub-region 512C
may require a frequency offset=12.8 MHz).

Some example embodiments may include one or more of
the following:

According to an example embodiment, the frequency
offset required to avoid A-MPR is small, up to 10 MHz, in
the regrowth region. The region borders and frequency
offsets can be expressed as very simple functions of the
channel bandwidth or as constants. Also, according to an
example embodiment, to simplify the A-MPR rule, use a
parametrization common for all RBWs (resource block
bandwidths): express the region borders in Hz. The maxi-
mum RB,,,,, in the IMD3 region is approximately propor-
tional to channel bandwidth. This is caused by the fact that
the maximum distance of a narrow allocation and its image
is approximately proportional to the channel bandwidth. The
maximum allocation width of the IMD3 region can be
defined as a constant in Hz. At larger allocation widths, the
IMD3 peak stays below the additional spurious limit. In the
IMD3 region, the frequency offset required to avoid A-MPR
decreases by 3N-RBW when RB,,,,, is increased by N RB.
This does not depend on the power amplifier, for example.
When the allocation moves N RB towards the channel
center, so does the image. As a result, the IMD3 peak shifts
by 3N RBs towards the channel center. Also, for example,
the expression L5 5/2 may define the slope of the right-hand
border (or right-hand edge) of regrowth region. Also, for
example, the border may be shifted horizontally by an
amount that depends on the channel bandwidth. The expres-
sion L 5/2 provides the slope of the edge of the regrowth
region. A constant upper limit (in Hz) may be defined for
Lcgs in the regrowth region. A constant, e.g., 10 MHz
frequency offset may be defined for the regrowth region. For
example, in some cases, 10 MHz may be the smallest NR
(5G) channel bandwidth permitted in band n41, hence
defining a smaller offset for OFDM would give little benefit,
at least in some cases. In some cases, we may use the same
A-MPR value for each A-MPR region, channel bandwidth,
and resource block bandwidth (or RBW), and define the
A-MPR separately for each combination of modulation and
multiple access scheme.

According to an example embodiment, a set of rules or a
set of equations and in equalities may be used to determine
A-MPR for a variety of different situations, e.g., for different
channel bandwidths and/or different RB widths, may be
summarized as follows:

If a resource block allocation is within the IMD3 region
and frequency offset of frequency channel is insuffi-
cient (e.g., frequency offset is smaller than a threshold),
if the frequency channel is at an upper edge, then it is
far enough away and emissions limits do not apply, but
a channel at lower edge or near protected frequency
band 212 has strict emissions limits, then

apply higher back-off (apply A-MPR),

else, if allocation is within the regrowth region and
frequency offset of frequency channel is insufficient (is
less than the threshold), then

apply higher back-off (apply A-MPR),

else, apply lower back-off (e.g., use just MPR, with no
A-MPR, or with lower A-MPR).

Example Proposal: The back-off (max power reduction)

may be defined as max(MPR, A-MPR). Given the param-
eters defined in Table 1 and symbol definitions in Table 2,



US 12,256,337 B2
13 14

if RByars < fsrarspmangaaps / RBW (if RBy,,,, is small enough - if location of RB,,,,, (first RB
of allocation) within frequency channel is inside IMD3 region, since first RB of allocation

is closest to the IMD3 region);

and Legp < AW, 79703 / RBW (If Lgp is small enough, then allocation is within Y axis
of IMD3 - both of these are indications that the allocation is within IMD3);

and Fe - BW pner2 < Frz 10, + offsetyy s, (frequency offset of the channel is not sufficient
to avoid A-MPR, thus the frequency offset of channel is not sufficient to prevent allocation
from being within IMD3); then

the A-MPR is defined according to Table 3, (also, if allocation is outside of IMD3, then no

A-MPR, or if frequency channel is pushed up beyond a threshold frequency offset, then
allocation within the channel cannot be near band, then
if any of these are met, then A-MPR is not required).

else, if RB

start

< Legp/2 + A, /RBW and Lgp < Awmax,regmwzh/ RBW and F-BW 072 <

Fuz_tow + Offset e gronm> then
the A-MPR is defined according to Table 3

else,
A-MPR = 0.
TABLE 1
Parameters for region edges and frequency offsets.
Value
Parameter Symbol ODFM DFT-S-OFDM  Related condition
Allocation start Lo ymar, 1003 0.33 BW cranner RBsare = Terartmax saapy/ RBW
Allocation BW in AW, 7/r3 4 MHZ Lerp = AW, a3y RBW
IMD3 region
Max freq. offset  offset,, ., ;asp3 BW chammer — 6 MHzZ
in IMD3 region
Freq. offset in offset;pa offset e sap3 = 3 RBW - RB,,, Fe-BWg a2 = Frp g, +
IMD3 region offset s
Right edge of Assare 0.02 BWhammer 008 BWepgnner  RBgarr = Lerp/2 + AL/ RBW
regrowth region
Allocation BW in AW, oo 61 MHz Lers < AW r regrowa/ RBW
regrowth region
Freq. offset in offset, o 10 MHz Fe— BWCh o2 = Fp, 100 +
regrowth region offset, cgronm
TABLE 2 -
40 if RBstart = fstart,max,[MDS / RBW
dL = AW, / RBW
Symbol; and Lcgp max JMD3
o and Fe-BW g pnei 2 < Fry s, + 0fSetpgp3, then
. the A-MPR (back-off) is defined according to Table 3,
Symbol Definition else, if RB,,,,, = Legg/2 + Ay / RBW
] and Legp < AW a0 regrows | RBW
BW Ganner Channel bandwidth 45 and Fe-BW e/ 2 < Fupp, 5y, + OfIS6t o000, then
Fe Centre frequency of channel the A-MPR is defined according to Table 3,
Tt tow The lower edge frequency of the uplink operating else,
hand A-MPR = 0.
RBW Resource block bandwidth
RB Index of lowest allocated resource block; . . . .
start . . Example 1: FIG. 6 is a flow chart illustrating operation of
RB, ., = 0 is the lowest RB in the channel. 50 devi di le imp] .
Lera Number of contiguously allocated resource blocks a user aevice (UE) accqr 1ng to an exaniple implementation.
The method may be directed to a method of power control
that uses one or more equations and/or inequalities to
determine whether an additional maximum power reduction
TABLE 3 55 will be used for a user device transmission power for a
A-MPR vales plurality of channel bandwidths and/or a plurality of
resource block bandwidths, the method including several
Access Modulation Back-off [dB] operations.
DFT-S-OFDM pi/2-BPSK 15 Operation 610 includes receiving, by a user device, a
QPSK 2 60 resource block allocation for uplink transmission that
16-QAM 2.5 includes one or more resource blocks within a frequency
OFDM QPSK 4 . . ..
16-QAM 4 channel. Operation 620 includes determining at least one
Any other 0 resource allocation region for which an uplink resource

block allocation within the resource allocation region will

65 require an additional maximum power reduction. Operation

Example Proposal: The A-MPR (back-off) is defined as 630 includes applying, by the user device, the additional
max(MPR, A-MPR). maximum power reduction for a transmission power of the
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user device based on the resource block allocation being
within the at least one resource allocation region.

Example 2: According to an example embodiment, opera-
tion 620 may include determining at least one resource
allocation region for which an uplink resource block allo-
cation within the resource allocation region will require an
additional maximum power reduction to reduce interference
to a protected frequency band.

Example 3: According to an example implementation of
the method of any of examples 1-2, wherein the at least one
resource allocation region comprises a plurality of non-
overlapping resource allocation regions, wherein the apply-
ing comprises: determining that the resource block alloca-
tion region is within a first resource allocation region of the
plurality of non-overlapping resource allocation regions;
and applying, by the user device, the additional maximum
power reduction for a transmission power of the user device
based on the resource block allocation being within the first
resource allocation region.

Example 4: According to an example implementation of
the method of any of example 2, wherein the applying
comprises: applying, based on the following: 1) the resource
block allocation is within the at least one resource allocation
region, and 2) the frequency channel has a frequency offset
from an edge of the protected frequency band that is less
than a threshold frequency offset of the at least one resource
allocation region.

Example 5: According to an example implementation of
the method of any of examples 1-4, wherein an amount of
additional maximum power reduction applied by the user
device is a function of the frequency offset of the frequency
channel.

Example 6: According to an example implementation of
the method of any of examples 1-5, wherein the applying
comprising apply, by the user device, a first amount of
additional maximum power reduction where the frequency
channel has a first frequency offset that is less than the
threshold frequency offset, and the user device applies a
second amount, less than the first amount, of additional
maximum power reduction where the frequency channel has
a second frequency offset that is greater than or equal to the
threshold frequency offset.

Example 7: According to an example implementation of
the method of any of examples 1-6, wherein a larger
additional maximum power reduction is applied by the user
device for a smaller frequency offset, and a smaller addi-
tional maximum power reduction is applied by the user
device for a larger frequency offset of the frequency channel.

Example 8: According to an example implementation of
the method of any of examples 1-7, wherein the at least one
resource allocation region comprises a plurality of resource
allocation regions, wherein each resource allocation region
has an associated threshold frequency offset.

Example 9: According to an example implementation of
the method of any of examples 1-8, wherein the at least one
resource allocation region comprises a plurality of resource
allocation regions, wherein allocation region borders, a
threshold frequency offset and an additional maximum
power reduction are defined for each of the plurality of
resource allocation regions.

Example 10: According to an example implementation of
the method of any of examples 1-9, wherein each threshold
frequency offset is based upon a bandwidth of the frequency
channel.

Example 11: According to an example implementation of
the method of any of examples 1-10, wherein the applying
comprises controlling, by the user device, a transmission
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power of the user device for uplink transmission via the
resource block allocation by reducing the maximum trans-
mission power of the user device by the additional maxi-
mum power reduction.

Example 12: According to an example implementation of
the method of any of examples 1-11, wherein the applying
maximum power reduction comprises: determining an
adjusted maximum transmission power based on the maxi-
mum power reduction; and controlling, by the user device,
the transmission power of the user device for uplink trans-
mission within a power range that is less than or equal to the
maximum transmission power.

Example 13: According to an example implementation of
the method of any of examples 1-12, wherein the resource
allocation region comprises at least one of the following: a
resource allocation region in which transmission power of
the user device is limited by intermodulation distortion to
reduce interference to the protected frequency band; and, a
resource allocation region in which transmission power of
the user device is limited by spectral regrowth to reduce
interference to the protected frequency band.

Example 14: According to an example implementation of
the method of any of examples 1-12, wherein the receiving,
by the user device, a resource block allocation for uplink
transmission comprises: receiving information indicating at
least a size or width of the resource block allocation, and a
position of the resource block allocation within the channel.

Example 15: An apparatus comprising means for perform-
ing a method of any of examples 1-14.

Example 16: An apparatus comprising at least one pro-
cessor and at least one memory including computer instruc-
tions that, when executed by the at least one processor, cause
the apparatus to perform a method of any of examples 1-14.

Example 17: An apparatus comprising a computer pro-
gram product including a non-transitory computer-readable
storage medium and storing executable code that, when
executed by at least one data processing apparatus, is
configured to cause the at least one data processing appa-
ratus to perform a method of any of examples 1-14.

Example 18: An apparatus comprising at least one pro-
cessor and at least one memory including computer instruc-
tions that, when executed by the at least one processor, cause
the apparatus to: perform, by a user device, power control
using one or more equations and/or inequalities to determine
whether an additional maximum power reduction will be
used for the user device transmission power for a plurality
of channel bandwidths and/or a plurality of resource block
bandwidths, including being configured to cause the appa-
ratus to: receive, by a user device, a resource block alloca-
tion for uplink transmission that includes one or more
resource blocks within a frequency channel; determine at
least one resource allocation region for which an uplink
resource block allocation within the resource allocation
region will require an additional maximum power reduction;
and apply, by the user device, the additional maximum
power reduction for a transmission power of the user device
based on the resource block allocation being within the at
least one resource allocation region.

Example 19: FIG. 7 is a flow chart illustrating operation
of a base station according to an example embodiment. The
flow chart of FIG. 7 is directed to a method of power control
that uses one or more equations and/or inequalities to
determine whether an additional maximum power reduction
will be used for a user device transmission power for a
plurality of channel bandwidths and/or a plurality of
resource block bandwidths, the method including several
operations. Operation 710 includes transmitting, by a base
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station to a user device, a resource block allocation for
uplink transmission that includes one or more resource
blocks within a frequency channel. Operation 720 includes
providing, by the base station to the user device, at least one
resource allocation region for which an uplink resource
allocation within the resource allocation region will require
an additional maximum power reduction. Operation 730
includes determining, by the base station, an additional
maximum power reduction for a transmission power of the
user device based on the resource block allocation being
within the at least one resource allocation region.

Example 20: According to an example embodiment,
operation 720 may include providing, by the base station to
the user device, at least one resource allocation region for
which an uplink resource allocation within the resource
allocation region will require an additional maximum power
reduction to reduce interference to a protected frequency
band.

Example 21: According to an example implementation of
the method of example 20, wherein the applying comprises:
determining, by the base station, an additional maximum
power reduction for a transmission power of the user device
based on both: 1) the resource block allocation is within the
at least one resource allocation region, and 2) the frequency
channel has a frequency offset from an edge of the protected
frequency band that is less than a threshold frequency offset
of the at least one resource allocation region.

Example 22: According to an example implementation of
the method of any of examples 20-21, wherein the at least
one resource allocation region comprises a plurality of
resource allocation region, wherein each resource allocation
region has an associated threshold frequency offset.

Example 23: According to an example implementation of
the method of any of examples 19-22, wherein the at least
one resource allocation region comprises a plurality of
resource allocation regions, wherein allocation region bor-
ders, a threshold frequency offset and an additional maxi-
mum power reduction are defined for each of the plurality of
resource allocation regions.

Example 24: According to an example implementation of
the method of any of examples 19-23, wherein each thresh-
old frequency offset is based upon a bandwidth of the
frequency channel.

Example 25: According to an example implementation of
the method of any of examples 19-24, and further compris-
ing: receiving, by the base station from the user device, a
transmission via the resource block allocation having a
transmission power in which a maximum transmission
power of the user device has been reduced by the additional
maximum power reduction.

Example 26: According to an example implementation of
the method of any of examples 20-25, wherein the resource
allocation region comprises at least one of the following a
resource allocation region in which transmission power of
the user device is limited by intermodulation distortion to
reduce interference to the protected frequency band; and, a
resource allocation region in which transmission power of
the user device is limited by spectral regrowth to reduce
interference to the protected frequency band.

Example 27: According to an example implementation of
the method of any of examples 19-26, wherein the provid-
ing, by the base station to the user device, a resource block
allocation for uplink transmission comprises: transmitting,
by the base station to the user device, information indicating
at least a size or width of the resource block allocation, and
a position of the resource block allocation within the fre-
quency channel.
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Example 28: An apparatus comprising means for perform-
ing a method of any of examples 19-27.

Example 29: An apparatus comprising at least one pro-
cessor and at least one memory including computer instruc-
tions that, when executed by the at least one processor, cause
the apparatus to perform a method of any of examples 19-27.

Example 30: An apparatus comprising a computer pro-
gram product including a non-transitory computer-readable
storage medium and storing executable code that, when
executed by at least one data processing apparatus, is
configured to cause the at least one data processing appa-
ratus to perform a method of any of examples 19-27.

Example 31: An apparatus comprising at least one pro-
cessor and at least one memory including computer instruc-
tions that, when executed by the at least one processor, cause
the apparatus to determine an additional maximum power
reduction for a user device using one or more equations
and/or inequalities to determine whether an additional maxi-
mum power reduction will be used for the user device
transmission power for a plurality of channel bandwidths
and/or a plurality of resource block bandwidths, including
being configured to cause the apparatus to: transmit, by a
base station to a user device, a resource block allocation for
uplink transmission that includes one or more resource
blocks within a frequency channel; provide, by the base
station to the user device, at least one resource allocation
region for which an uplink resource allocation within the
resource allocation region will require an additional maxi-
mum power reduction; and determine, by the base station, an
additional maximum power reduction for a transmission
power of the user device based on the resource block
allocation being within the at least one resource allocation
region.

Example 32: FIG. 8 is a flow chart illustrating operation
of a user device according to another example embodiment.
The method of FIG. 8 is directed to a method of power
control that uses one or more equations and/or inequalities
to determine whether an additional maximum power reduc-
tion will be used for a user device transmission power for a
plurality of channel bandwidths and/or a plurality of
resource block bandwidths. Operation 810 includes deter-
mining a first resource allocation region for which an uplink
resource allocation within the first resource allocation region
will require a maximum power reduction for uplink trans-
mission. Operation 820 includes determining at least a
second resource allocation region for which an uplink
resource allocation within the second resource allocation
region will require an additional maximum power reduction
due to a protected frequency band. Operation 830 includes
determining, for a frequency channel, a threshold frequency
offset from an edge of the protected frequency band to an
edge of the frequency channel, for which additional maxi-
mum power reduction will not be required, or a smaller
additional maximum power reduction will be required,
based on the protected frequency band. Operation 840
includes determining whether the frequency channel has a
frequency offset from the edge of the protected frequency
band that is less than the threshold frequency offset. Opera-
tion 850 includes receiving, by the user device, a resource
block allocation for uplink transmission that includes one or
more resource blocks within the frequency channel. Opera-
tion 860 includes determining, by the user device, whether
the resource block allocation is within the at least the second
resource allocation region; operation 870 includes applying
the additional maximum power reduction for a transmission
power of the user device in response to both: 1) the resource
block allocation is within the at least the second resource
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allocation region, and 2) the frequency channel has a fre-
quency offset from the edge of the protected frequency band
that is less than the threshold frequency offset of the at least
the second resource allocation region.

Example 33: An apparatus comprising means for perform-
ing a method of example 32.

Example 34: An apparatus comprising at least one pro-
cessor and at least one memory including computer instruc-
tions that, when executed by the at least one processor, cause
the apparatus to perform a method of example 32.

Example 35: An apparatus comprising a computer pro-
gram product including a non-transitory computer-readable
storage medium and storing executable code that, when
executed by at least one data processing apparatus, is
configured to cause the at least one data processing appa-
ratus to perform a method of example 32.

Example 34: The method of any of examples 1-14
wherein one or more of the following equations or inequali-
ties are used to determine when to apply additional maxi-
mum power reduction:

if RBszanstzm,max,zMDs/RB w
and Lepp=AW, o nap3/RBW

and Fe=BW pannet/2<Fur,_iowtollsetngms,

then additional maximum power reduction is applied;
and/or

else, if RB, <L pp/2+Astart/ RBW
and Lepp=AW,, o regrowi/ RBW

and Fe=BW g pmmer/ 2<F 1 _ion 015t gy

then additional maximum power reduction is applied.

Example 35: The method of any of examples 1-14
wherein one or more of the following equations or inequali-
ties are used to determine when to apply additional maxi-
mum power reduction:

RB 0 staremaxsaazpy/ RBW;

L cppSAW i napy/RBW;

F—BW channet 2<Fur_iowtollsetpm;
RBar =L crp/ 2+ 1o/ RBW;

L crp<AW i regrowa/ RBW; and/or

F =BV cannet 2F yr_jowt0lIset,ogronne

FIG. 9 is a block diagram of a wireless station (e.g., AP,
BS, relay node, eNB, UE, or user device) 1000 according to
an example implementation. The wireless station 1000 may
include, for example, one or two RF (radio frequency) or
wireless transceivers 1002A, 1002B, where each wireless
transceiver includes a transmitter to transmit signals and a
receiver to receive signals. The wireless station also includes
a processor or control unit/entity (controller) 1004 to
execute instructions or software and control transmission
and receptions of signals, and a memory 1006 to store data
and/or instructions.

Processor 1004 may also make decisions or determina-
tions, generate frames, packets, or messages for transmis-
sion, decode received frames or messages for further pro-
cessing, and other tasks or functions described herein.
Processor 1004, which may be a baseband processor, for
example, may generate messages, packets, frames, or other
signals for transmission via wireless transceiver 1002
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(1002A or 1002B). Processor 1004 may control transmission
of signals or messages over a wireless network, and may
control the reception of signals or messages, etc., via a
wireless network (e.g., after being down-converted by wire-
less transceiver 1002, for example). Processor 1004 may be
programmable and capable of executing software or other
instructions stored in memory or on other computer media to
perform the various tasks and functions described above,
such as one or more of the tasks or methods described above.
Processor 1004 may be (or may include), for example,
hardware, programmable logic, a programmable processor
that executes software or firmware, and/or any combination
of these. Using other terminology, processor 1004 and
transceiver 1002 together may be considered as a wireless
transmitter/receiver system, for example.

In addition, referring to FIG. 9, a controller (or processor)
1008 may execute software and instructions, and may pro-
vide overall control for the station 1000, and may provide
control for other systems not shown in FIG. 9, such as
controlling input/output devices (e.g., display, keypad), and/
or may execute software for one or more applications that
may be provided on wireless station 1000, such as, for
example, an email program, audio/video applications, a
word processor, a Voice over IP application, or other appli-
cation or software.

In addition, a storage medium may be provided that
includes stored instructions, which when executed by a
controller or processor may result in the processor 1004, or
other controller or processor, performing one or more of the
functions or tasks described above.

According to another example implementation, RF or
wireless transceiver(s) 1002A/1002B may receive signals or
data and/or transmit or send signals or data. Processor 1004
(and possibly transceivers 1002A/1002B) may control the
RF or wireless transceiver 1002A or 1002B to receive, send,
broadcast, or transmit signals or data.

The embodiments are not, however, restricted to the
system that is given as an example, but a person skilled in
the art may apply the solution to other communication
systems. Another example of a suitable communications
system is the 5G concept. It is assumed that network
architecture in 5G will be quite similar to that of the
LTE-advanced. 5G is likely to use multiple input—multiple
output (MIND) antennas, many more base stations or nodes
than the LTE (a so-called small cell concept), including
macro sites operating in co-operation with smaller stations
and perhaps also employing a variety of radio technologies
for better coverage and enhanced data rates.

It should be appreciated that future networks may utilize
network functions virtualization (NFV) which is a network
architecture concept that proposes virtualizing network node
functions into “building blocks™ or entities that may be
operationally connected or linked together to provide ser-
vices. A virtualized network function (VNF) may comprise
one or more virtual machines running computer program
codes using standard or general type servers instead of
customized hardware. Cloud computing or data storage may
also be utilized. In radio communications this may mean
node operations may be carried out, at least partly, in a
server, host or node operationally coupled to a remote radio
head. It is also possible that node operations may be dis-
tributed among a plurality of servers, nodes, or hosts. It
should also be understood that the distribution of labor
between core network operations and base station operations
may differ from that of the LTE or even be non-existent.

Implementations of the various techniques described
herein may be implemented in digital electronic circuitry, or
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in computer hardware, firmware, software, or in combina-
tions of them. Implementations may be implemented as a
computer program product, i.e., a computer program tangi-
bly embodied in an information carrier, e.g., in a machine-
readable storage device or in a propagated signal, for execu-
tion by, or to control the operation of, a data processing
apparatus, e.g., a programmable processor, a computer, or
multiple computers. Implementations may also be provided
on a computer readable medium or computer readable
storage medium, which may be a non-transitory medium.
Implementations of the various techniques may also include
implementations provided via transitory signals or media,
and/or programs and/or software implementations that are
downloadable via the Internet or other network(s), either
wired networks and/or wireless networks. In addition,
implementations may be provided via machine type com-
munications (MTC), and/or via an Internet of Things (IoT)
network or device.

The computer program may be in source code form,
object code form, or in some intermediate form, and it may
be stored in some sort of carrier, distribution medium, or
computer readable medium, which may be any entity or
device capable of carrying the program. Such carriers
include a record medium, computer memory, read-only
memory, photoelectrical and/or electrical carrier signal, tele-
communications signal, and software distribution package,
for example. Depending on the processing power needed,
the computer program may be executed in a single electronic
digital computer or it may be distributed amongst a number
of computers.

Furthermore, implementations of the various techniques
described herein may use a cyber-physical system (CPS) (a
system of collaborating computational elements controlling
physical entities). CPS may enable the implementation and
exploitation of massive amounts of interconnected IoT or
information and communications technology (ICT) devices
(sensors, actuators, processors, microcontrollers, . . . )
embedded in physical objects at different locations. Mobile
cyber physical systems, in which the physical system in
question has inherent mobility, are a subcategory of cyber-
physical systems.

Examples of mobile physical systems include mobile
robotics and electronics transported by humans or animals.
The rise in popularity of smartphones has increased interest
in the area of mobile cyber-physical systems. Therefore,
various implementations of techniques described herein may
be provided via one or more of these technologies.

A computer program, such as the computer program(s)
described above, can be written in any form of programming
language, including compiled or interpreted languages, and
can be deployed in any form, including as a stand-alone
program or as a module, component, subroutine, or other
unit or part of it suitable for use in a computing environment.
A computer program can be deployed to be executed on one
computer or on multiple computers at one site or distributed
across multiple sites and interconnected by a communication
network.

Method steps may be performed by one or more program-
mable processors executing a computer program or com-
puter program portions to perform functions by operating on
input data and generating output. Method steps also may be
performed by, and an apparatus may be implemented as,
special purpose logic circuitry, e.g., an FPGA (field pro-
grammable gate array) or an ASIC (application-specific
integrated circuit).

Processors suitable for the execution of a computer pro-
gram include, by way of example, both general and special
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purpose microprocessors, and any one or more processors of
any kind of digital computer, chip or chipset. Generally, a
processor will receive instructions and data from a read-only
memory or a random access memory or both. Elements of a
computer may include at least one processor for executing
instructions and one or more memory devices for storing
instructions and data. Generally, a computer also may
include, or be operatively coupled to receive data from or
transfer data to, or both, one or more mass storage devices
for storing data, e.g., magnetic, magneto-optical disks, or
optical disks. Information carriers suitable for embodying
computer program instructions and data include all forms of
non-volatile memory, including by way of example semi-
conductor memory devices, e.g., EPROM, EEPROM, and
flash memory devices; magnetic disks, e.g., internal hard
disks or removable disks; magneto-optical disks; and CD-
ROM and DVD-ROM disks. The processor and the memory
may be supplemented by, or incorporated in, special purpose
logic circuitry.

To provide for interaction with a user, implementations
may be implemented on a computer having a display device,
e.g., a cathode ray tube (CRT) or liquid crystal display
(LCD) monitor, for displaying information to the user and a
user interface, such as a keyboard and a pointing device,
e.g., a mouse or a trackball, by which the user can provide
input to the computer. Other kinds of devices can be used to
provide for interaction with a user as well; for example,
feedback provided to the user can be any form of sensory
feedback, e.g., visual feedback, auditory feedback, or tactile
feedback; and input from the user can be received in any
form, including acoustic, speech, or tactile input.

Implementations may be implemented in a computing
system that includes a back-end component, e.g., as a data
server, or that includes a middleware component, e.g., an
application server, or that includes a front-end component,
e.g., a client computer having a graphical user interface or
a Web browser through which a user can interact with an
implementation, or any combination of such back-end,
middleware, or front-end components. Components may be
interconnected by any form or medium of digital data
communication, e.g., a communication network. Examples
of communication networks include a local area network
(LAN) and a wide area network (WAN), e.g., the Internet.

While certain features of the described implementations
have been illustrated as described herein, many modifica-
tions, substitutions, changes, and equivalents will now occur
to those skilled in the art. It is, therefore, to be understood
that the appended claims are intended to cover all such
modifications and changes as fall within the true spirit of the
various embodiments.

What is claimed is:

1. A method of power control, the method comprising:

receiving, by a user device, a resource block allocation for

uplink transmission that includes one or more resource
blocks within a frequency channel in an uplink oper-
ating band;
determining an additional maximum power reduction
(A-MPR); and

controlling a transmission power of the user device based
at least in part on the A-MPR, wherein determining the
A-MPR comprises:

if:
RBszanstzan;naxMMDa/RB W; and
LerpSAW e iripy/RBW; and

Fe=BW channe! 2<Fuz,_iowtofisetpms,
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then, defining the A-MPR according to a first value
associated with a third order intermodulation distortion
(IMD3) region;
else, if:

RB,y0yiSL s 2+A oy /RBIV: and
Legp=4 Wmax,regrowzh/ ‘RBW; and

F =BV cannet 2<F yp_jowr0llset,ogronms

then, defining the A-MPR according to a second value
associated with a regrowth region, else, if:
neither:

RB 1S sareymarpapy/RBW, and
L crp=AW e apy/ RBW, and

Fe=BW channe! 2<F uz,_iowtofisetpms,
nor:

RBariSLp/2+A o/ RBWY, and

Lerp=dW,

max,regrow

#/RBW, and

F =BV channet 2<F ur_iowrollset g o,

then, defining the A-MPR to equal O,

wherein:

RBW is a bandwidth of a resource block of the one or
more resource blocks;

RB,,,,, s an index of a lowest allocated resource block
of' the resource block allocation within the frequency
channel, with RB,,,,,=0 being a lowest resource
block in the frequency channel;

Lcgs 18 @ number of contiguously allocated resource
blocks of the resource block allocation;

F is a center frequency of the frequency channel;

BW c1uimer 18 @ bandwidth of the frequency channel;

Ty sart.max.aap3 18 an allocation start of the IMD3 region,

maxspp3 18 an allocation bandwidth of the IMD3
region,

Fyr sow 18 an edge frequency of the uplink operating
band,

offset;,,; is a threshold frequency offset associated

with the IMD3 region,

sar, Yefers to an edge of the regrowth region,

W uxregrowsn 15 an allocation bandwidth of the

regrowth region, and
offset, .z, .0 15 a threshold frequency offset associated
with the regrowth region.
2. The method of claim 1, wherein the edge of the
regrowth region is defined using:

A

RBar=Lrp/2+0iar/RB.

3. The method of claim 1, wherein f,,,,, ... ;mms and
AW . ...maps define resource allocation region borders for the
IMD3 region.

4. The method of claim 1, wherein ., novmmps 1 @
maximum value of RB,,,,, within the IMD3 region.

5. The method of claim 1, wherein AW,/ is a
maximum value of L, within the IMD3 region.

6. The method of claim 1, wherein determining the
A-MPR comprises determining the A-MPR for the trans-
mission power of the user device based on the resource
block allocation being within at least one of the following:
the IMD3 region or the regrowth region.

7. The method of claim 1, wherein the IMD3 region is a
resource allocation region in which the transmission power
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of the user device is limited by intermodulation distortion to
reduce interference to a protected frequency band.

8. The method of claim 1, wherein the regrowth region is
aresource allocation region in which the transmission power
of the user device is limited by spectral regrowth to reduce
interference to a protected frequency band.

9. An apparatus configured for power control, the appa-
ratus comprising:

at least one processor; and

at least one memory storing instructions that, when

executed by the at least one processor, cause the

apparatus to perform at least:

receiving a resource block allocation for uplink trans-
mission that includes one or more resource blocks
within a frequency channel in an uplink operating
band;

determining an additional maximum power reduction
(A-MPR); and

controlling a user device transmission power based at
least in part on the A-MPR,

wherein the A-MPR is determined by:

if:
RB oy Sfotaremansripsy/ RBW; and
LerpSAW e iripy/RBW; and

Fe=BW channe! 2<Fuz,_iowtofisetpms,

then, defining the A-MPR according to a first value
associated with a third order intermodulation distor-
tion (IMD3) region;

else, if:

RB,ypriSL s 2+A oy /RBIV: and
LCRBSAWmax,regrowth/RB W; and

Fc=BW cannet 2<F yr,_jowt01I5€t g0

then, defining the A-MPR according to a second value
associated with a regrowth region,

else if:

neither:

RBszanstzarunaxJMDs/RB W, and
L cgp=AW e sapy/RBW, and

Fe=BW channet! 2<F ur. 1owtofisetpps,
nor:

RB, 5L/ 2+A oy /RBIV, and
Legp=4 Wmax,regowth/ ‘RBW, and

Fc=BW cannet 2<F yr,_jowt01I5€t g0

then, defining the A-MPR to equal 0,
wherein:

RBW is a bandwidth of a resource block of the one
or more resource blocks;

RB,,,,, is an index of a lowest allocated resource
block of the resource block allocation within the
frequency channel, with RB,,,,=0 being a lowest
resource block in the frequency channel;

Lz 1s a number of contiguously allocated resource
blocks of the resource block allocation;

F. is a center frequency of the frequency channel;

BW ¢1uimer 18 @ bandwidth of the frequency channel;

T arsmansaaps 18 an allocation start of the IMD3
region,
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AW . maps 18 an allocation bandwidth of the IMD3 else, if:

region, RB, =L cppl2+A 0/ RBW, and
Foz_iow 18 an edge frequency of the uplink operating start = CRBI T star ’

band

T . L crp=AW . regrowin/ RBW; and

offset;, ;5 1s a threshold frequency offset associated 5 rE vesrom

with the IMD3 reglon, . Fc=BW cpaned 2F ur_towr0ll5et, ogromms
A,,,,, refers to an edge of the regrowth region,

then, defining the A-MPR according to a second value
associated with a regrowth region, else, if:
1o  neither:

W axregrowsn 15 an allocation bandwidth of the
regrowth region, and
offset, .z, 18 @ threshold frequency offset associ-

ated with the regrowth region. RBioriSf-amemen intrs/REW, and
10. The apparatus of claim 9, wherein the edge of the
regrowth region is defined using: L pgSAW e apy/RBW, and
RB,1ar~Lrp/ 2+ tar/ RBW. ) "
15 FBW channet! 2F v1,_tow+ 0Tt cgronins
11. The apparatus of claim 10, further comprising: Chomel = O o
a transceiver configured to receive the resource block nor:
allocation for uplink transmission that includes the one
or more resource blocks within the frequency channel. RB, <L cpp/2+A 0/ RBW, and
12. The apparatus of claim 10, further comprising: 20
a transceiver configured to transmit signals for which the L crpSAW s regrowa/ RBW, and
transmission power is controlled based on the A-MPR.
13. The apparatus of claim 9, wherein {,,,,, ... mms and FBW channet! 2F v _ion oMt egronins
AW, ;a3 define resource allocation region borders for the then, defining the A-MPR to equal 0 such that the MPR
IMD3 region. ) ) ) 25 is the maximum of the MPR and the A-MPR,
14. The apparatus of claim 9, wherein f,,,,, ,..c nsps 15 @ wherein:
maximum value of RB,,,, Wlthm the IMD3 region. RBW is a bandwidth of a resource block of the one or
15. The apparatus of claim 9, wherein AW, /s is @ more resource blocks;
maximum value of Loys within the IMD3 region. RB,;.,. is an index of a lowest allocated resource block
16. The apparatus of claim 9, wherein the instructions, 3, of the resource block allocation within the frequency
when executed by the at least one processor, cause the channel, with RB,,,,=0 being a lowest resource
apparatus to perform: o block in the frequency channel,
determining the A-MPR by determining the A-MPR for Legp is @ number of contiguously allocated resource
the transmission power of the user device based on the blocks of the resource block allocation;
resource block allocation being within at least one of 5 F. is a center frequency of the frequency channel;
the following: the IMD3 region or the regrowth region. BW,,,.,.; is @ bandwidth of the frequency channel;
17. The apparatus of c.lam.1 9, Whereln the IMD3 region is £.y0rema.mams i an allocation start of the IMD3 region,
a resource allocation region in which the transmission power max.naps 15 an allocation bandwidth of the IMD3
of the user device is limited by intermodulation distortion to region,
reduce interference to a protected frequency band. 40 F,; 1. is an edge frequency of the uplink operating
18. The apparatus of claim 9, wherein the regrowth region band,
is a resource allocation region in which the transmission offset,,,, is a threshold frequency offset associated
power of the user device is limited by spectral regrowth to with the IMD3 region,
reduce interference to a protected frequency band. A, refers to an edge of the regrowth region,
19. The apparatus of claim 9, wherein the apparatus 45 AW, regrowrs 15 an allocation bandwidth of the
comprises a user equipment. regréwth region, and
20. A method of power control, the method comprising: Offset, pgome 15  threshold frequency offset associated
receiving, by a user device, a resource block allocation for with the regrowth region.
uplink transmission that includes one or more resource 21. An apparatus configured for power control, the appa-
blocks within a frequency channel in an uplink oper- 5o ratus comprising:
ating band; ) ) at least one processor; and
determining a maximum power reduction (MPR); at least one memory storing instructions that, when
determining an additional maximum power reduction executed by the at least one processor, cause the
(A'MPR); ) apparatus to perform at least:
determining a maximum of the MPR and the A-MPR; and 5 receiving a resource block allocation for uplink trans-
controlling a transmission power of the user device based mission that includes one or more resource blocks
on t.he maximum of the MPR and th? A-MPR, within a frequency channel in an uplink operating
wherein determining the A-MPR comprises: band;
if: determining a maximum power reduction (MPR);
RB, S ssarsmarssapy RBW, and 60 determining an additional maximum power reduction
(A-MPR);
L crp=AW a3/ RBW; and determining a maximum of the MPR and the A-MPR;
and
FBW chamed 2<For ot oBsetnms, controlling a user device transmission power based on
then, defining the A-MPR according to a first value 65 the maximum of the MPR and A-MPR,
associated with a third order intermodulation distortion wherein determining the A-MPR comprises:

(IMD3) region; if:



US 12,256,337 B2

27

RB szansfszan,mauMDa/ ‘RBW; and
L cxp=AW e napy/RBW; and

F=BW cpapned 2<Fur,_iowtollsetpms,

then, defining the A-MPR according to a first value
associated with a third order intermodulation distor-
tion (IMD3) region;

else, if:

RB, oy SLcpp/ 240 /RBW; and

Legp=4 Wmax,regrowzh/ ‘RBW; and

F =BV cannet 2<F yp_jowr0llset,ogronms

then, defining the A-MPR according to a second value
associated with a regrowth region,

else, if:

neither:

RBszanstzan,maxJMDa/RB W, and

L cppSAW i papyRBW, and

Fe=BW channe! 2<F uz,_iowtofisetpms,
nor:

BB, <L cqn/ 2/ RBW, and

Lpp=4 Wmax,regrowzh/ ‘RBW, and

10

20

25
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Fc=BW cannet 2<F yr,_jowt01I5€t g0

then, defining the A-MPR to equal O such that the MPR
is the maximum of the MPR and the A-MPR,
wherein:

RBW is a bandwidth of a resource block of the one
or more resource blocks;

RB,,,,, is an index of a lowest allocated resource
block of the resource block allocation within the
frequency channel, with RB,,,,=0 being a lowest
resource block in the frequency channel;

Lz 1s a number of contiguously allocated resource
blocks of the resource block allocation,

F. is a center frequency of the frequency channel;

BW ¢1uimer 18 @ bandwidth of the frequency channel;

{artmaxnaps 18 an allocation start of the IMD3
region,

AW, . ;aaps 18 an allocation bandwidth of the IMD3
region,

Foz 10w 18 an edge frequency of the uplink operating
band,

offset;, ;5 1s a threshold frequency offset associated
with the IMD3 region,

A, ... refers to an edge of the regrowth region,

AW i regrowm 15 an allocation bandwidth of the
regrowth region, and

offset, .z, 1 @ threshold frequency offset associ-
ated with the regrowth region.
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